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Field of the Invention 

[0001] The invention relates to an optical amplifying material consisting of a sup- 
5 port and having coated thereon a thin, transparent amplifying layer containing 
nanocrystalline, nanoporous aluminum oxides or aluminum oxide/hydroxides and, 
optionally, a binder, and, superposed on this layer, a luminescence layer prefera- 
bly consisting of tris(8-hydroxyquinoline) aluminum. 



Background of the Invention 

[0002] Aerogels may be used for the preparation of optical amplifying layers hav- 
ing a low index of refraction. The emission of light by light emitting, luminescent 
systems is considerably increased by these layers, as described for example by 
A. Kohler, J. S. Wilson and R. H. Friend in "Fluorescence and Phosphorescence in 
Organic Materials", Advanced Materials 14, 701 - 706 (2002). SiC>2 aerogels are 
suitable aerogels for such amplifying layers. 

[0003] The preparation and the physical properties of these SiC>2 aerogels are 
described for example by T. Tsutsui, M. Yahiro, H. Yokogawa, K. Kawano and M. 
Yokoyama in "Doubling Coupling-Out Efficiency in Organic Light-Emitting Devices 
Using a Thin Silica Layer", Advanced Materials 13, 1 149 -1 155 (2001). The prepa- 
ration method for these Si02 aerogels is, however, complicated and time consum- 
ing. Furthermore, the surface of these Si0 2 aerogels has to be made hydrophobic 
in order to assure their long time stability, as described for example by Matsushita 
Electric Works Ltd. in patent applications EP 0,585,456, EP 0,595,456 and EP 
1,153,739. 

[0004] The preparation of Si0 2 layers containing thermally decomposable poly- 
mers having a refractive index between 1 .1 0 and 1 .40 on a glass substrate by spin 
coating is described for example in patent US 6,204,202. 

[0005] Such polymer containing coating compositions have to be heated for 10 to 
60 minutes at a temperature of at least 400°C in order to decompose the polymer 
and to obtain pure Si02 layers having the required amplifying properties. Without 
the removal of the polymer during this high temperature treatment, the layers do 
not increase the emission of light. 

[0006] OLED's (Organic light-emitting devices) on a glass substrate having a Si0 2 
under layer are described by M.-H. Lu, M. S. Weaver, T. X. Zhou, M. Tothman, 
R. C. Kwong, M. Hack and J. J. Brown in "High-Efficiency Top-Emitting Organic 
Light-Emitting Devices", Applied Physics Letters 81, 3921 - 3923 (2002). The 
presence of this Si02 under layer increases the emission of photons in a cone 
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angle of 120° with respect to the plane of observation by 21 % in comparison to a 
system without this under layer. The preparation of the Si0 2 layers as described 
herein is also cumbersome and uses a similar method as the one described by 
Matsushita Electric Works Ltd. 

5 [0007] The use of such layers as optical amplifying layers for light emitting, lumi- 
nescent systems (as for example OLED's) has the advantage that the increased 
light emission allows the reduction of applied voltages and electrical currents. 
Thereby the lifetime of such light emitting organic systems is considerably in- 
creased, because it is well known that lifetime is inversely proportional to the 
1 0 square of the applied voltage. 

[0008] Compounds showing blue electroluminescence with high quantum yield are 
quite rare as shown in the compilation by Y. Li, M. K. Fung, Z. Xie, S.-T. Lee, L.-S. 
Hung and J. Shi in "An Efficient Pure Blue Light-Emitting Device with Low Driving 
Voltages", Advanced Materials 14, 1317 - 1321 (2002). The preparation of these 
15 compounds is in most cases, however, complicated and possible only at tempera- 
tures of about 400° C. 

[0009] The preparation of a new compound showing blue luminescence and elec- 
troluminescence at a temperature of 390° C, starting from tris(8-hydroxyquinoline) 
aluminum, was described for the first time by M. Colle, J. Gmeiner, W. Milius, 
20 H. Hillebrecht and W. Brutting in "Preparation and Characterization of Blue- 
Luminescent Tris(8-hydroxy quinoline) aluminium (Alq3)", Advanced Functional 
Materials 13, 108 - 1 12 (2003). After a treatment of tris(8-hydroxyquinoline) alumi- 
num for several hours at this temperature, crystals having a new crystal structure 
and showing blue luminescence and electroluminescence were obtained. 

25 

[0010] All these known methods for the preparation of S1O2 amplifying layers are 
cumbersome and require high temperatures. For this reason, cost effective manu- 
facturing is not possible. Supports consisting of cheap materials cannot be used 
due to the high temperatures, even in the case where the materials mentioned 
30 above would have the required properties also on relatively cheap plastic or paper 
supports. 

[0011] The required high temperatures have the further disadvantage that tem- 
perature sensitive compounds, in particular organic compounds such as sensitiz- 
ing dyes, wetting agents and the like, may not be incorporated. Furthermore, it is 
35 very difficult to prepare thin, flexible and non-brittle aerogel films of high stability 
showing good adhesion to the support by the sol-gel-method. 
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Summary of the Invention 

[0012] We have now found amplifying layers for optical amplifying materials, which 
may be manufactured on cheap supports in a cost effective way without a high 
temperature treatment. 

5 [0013] It is an objective of the invention to provide optical amplifying materials on 
cheap supports, having coated thereon at least one thin, transparent amplifying 
layer of high mechanical stability consisting of nanocrystalline, nanoporous alumi- 
num oxides and/or aluminum oxide/hydroxides and, optionally, a binder, and hav- 
ing deposited a luminescence layer on this amplifying layer. These materials have 

1 0 a high optical amplification factor even without a high temperature treatment. 

[0014] These transparent amplifying layers consisting of nanocrystalline, nanopor- 
ous aluminum oxides and/or aluminum oxide/hydroxides and, optionally, a binder, 
are catalysts for the transformation, at room temperature, of the crystal modifica- 
tion of tris(8-hydroxyquinoline) aluminum (Alq 3 ) showing green luminescence to 

1 5 the crystal modification showing blue lum inescence. 

[0015] Cheap supports for the present invention are glass, coated or uncoated 
paper, or plastic films. 

[0016] Such a material has, coated onto the support, at least one least one ampli- 
fying layer consisting of nanocrystalline, nanoporous aluminum oxides and/or alu- 
20 minum oxide/hydroxides and, optionally, a binder, and, on top of this layer, a lumi- 
nescence layer consisting preferably of Alq 3 with the crystal modification showing 
blue or green luminescence. 

[0017] The material may have one or more additional layers of other functionality 
between the amplifying layer and the luminescence layer, for example a layer of 
25 indium tin oxide for increased conductivity and lower surface roughness or a layer 
for increased mechanical robustness. 

[0018] The thin, transparent amplifying layer consisting of nanocrystalline, 
nanoporous aluminum oxides and/or aluminum oxide/hydroxides and, optionally, a 
binder, is prepared by coating aqueous, colloidal dispersions consisting of 
30 nanocrystalline, nanoporous aluminum oxides and/or aluminum oxide/hydroxides 
and, optionally, a binder, at temperatures between 20° C and 55° C onto a glass 
substrate, onto a paper or a plastic support, optionally pre-coated with a tin indium 
oxide or metal layer. Afterwards, it is dried in a gas mixture, preferably in air, at a 
temperature below 1 00° C, preferably below 60° C. 

35 [0019] Nanocrystalline, nanoporous aluminum oxides and aluminum oxide/hy- 
droxides or aluminum oxides and aluminum oxide/hydroxides (AIOOH) doped with 
elements of the rare earth metal series of the periodic system of the elements, and 
Y-AI2O3, or their mixtures, are preferred. 
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Detailed Description of the Invention 

[0020] It is an objective of the invention to provide optical amplifying materials on 
cheap supports, having coated thereon at least one thin transparent amplifying 
layer of high mechanical stability consisting of nanocrystalline, nanoporous alumi- 

5 num oxides and/or aluminum oxide/hydroxides and, optionally, a binder, and hav- 
ing deposited a luminescence layer on this amplifying layer. These materials have 
a high optical amplification factor even without a high temperature treatment. 
[0021] These transparent amplifying layers consisting of nanocrystalline, nano- 
porous aluminum oxides and/or aluminum oxide/hydroxides and, optionally, a 

10 binder, are additionally catalysts for the transformation, at room temperature,' of 
the crystal modification of tris(8-hydroxyquinoline) aluminum (Alq 3 ) showing green 
luminescence to the crystal modification showing blue luminescence. In this way, it 
is possible to prepare optical amplifying material with either green or blue lumines- 
cence from the same starting material. 

5 [0022] In place of Alq 3 other light emitting, luminescent, i.e. fluorescent, phospho- 
rescent or electroluminescent compounds such as luminescent polymers may be 
used in the luminescent layer. The luminescent layers have to be very thin in order 
to prevent as much as possible light conduction within the luminescent layer. The 
luminescence of the luminescent layer may be stimulated by light or by an electric 
field (electroluminescence). 

[0023] Such a material consists of a support having coated thereon at least one 
amplifying layer consisting of nanocrystalline, nanoporous aluminum oxides and/or 
aluminum oxide/hydroxides and, optionally, a binder, and a luminescence layer on 
top of this layer. The material may have one or more additional layers of other 
functionality between the amplifying layer and the luminescence layer, for example 
a layer of indium tin oxide for increased conductivity and lower surface roughness 
or a thin protection layer for increased mechanical robustness. 
[0024] In a particularly preferred embodiment of the invention, the thin, transparent 
amplifying layer consisting of nanocrystalline, nanoporous aluminum oxides and/or 
aluminum oxide/hydroxides does not contain any binder. 

[0025] The thin, transparent amplifying layer consisting of nanocrystalline, 
nanoporous aluminum oxides and/or aluminum oxide/hydroxides and, optionally, a 
binder, is prepared by coating at temperatures between 20° C and 55° C aqueous, 
colloidal dispersions consisting of nanocrystalline, nanoporous aluminum oxides 
and/or aluminum oxide/hydroxides and, optionally, a binder, onto a glass sub- 
strate, onto a paper or a plastic support, optionally pre-coated with a tin indium 
oxide or metal layer. Afterwards, it is dried in a gas mixture, preferably in air, at a 
temperature below 1 00° C, preferably below 60° C. 
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[0026] In a preferred embodiment of the invention, aqueous, colloidal dispersions 
consisting of such nanocrystalline, nanoporous aluminum oxides and/or aluminum 
oxide/hydroxides not containing any binder are coated onto a glass substrate, onto 
a paper or a plastic support, optionally pre-coated with a tin indium oxide or metal 
5 layer, and dried in a gas mixture, preferably in air, at a temperature below 100° C, 
preferably below 60° C. 

[0027] In a particularly preferred embodiment of the invention, the aqueous, colloi- 
dal dispersions consisting of such nanocrystalline, nanoporous aluminum oxides 
and/or aluminum oxide/hydroxides not containing any binder are coated, optionally 

10 in combination with other coating liquids, at temperatures between 20° C and 
55° C onto a glass substrate, onto a paper or a plastic support, optionally pre- 
coated with a tin indium oxide or metal layer, and dried in a gas mixture, preferably 
in air, at a temperature below 100° C, preferably below 60° C. The layers may also 
be dried by infrared radiation or by electron beams, or drying in a gas mixture may 

15 be combined with drying by infrared radiation or electron beams. 

[0028] A suitable nanocrystalline, nanoporous aluminum oxide is Y-AI2O3, and a 
suitable nanocrystalline, nanoporous aluminum oxide/hydroxide of formula AIOOH 
is pseudo-boehmite. 

[0029] The nanocrystalline, nanoporous aluminum oxide/hydroxides are preferably 
20 prepared by a sol-gel-process in the complete absence of acids, as described for 
example in patent DE 3'823'895. 

[0030] In a particularly preferred embodiment of the invention, the nanocrystalline, 
nanoporous aluminum oxides or aluminum oxide/hydroxides are reacted with salts 
of the rare earth metal series of the periodic system of the elements, as described 
25 for example in patent application EP 0'875'394. These nanocrystalline, nanopor- 
ous aluminum oxides or aluminum oxide/hydroxides contain one or more elements 
of the periodic system of the elements with atomic numbers 57 to 71 , preferably in 
a quantity from 0.2 to 2.5 mole percent relative to AI2O3. Lanthanum is a preferred 
element of the rare earth metal series. 

30 [0031] These nanocrystalline, nanoporous aluminum oxides or aluminum oxide/ 
hydroxides preferably have a size between 5 nm and 100 nm, particularly pre- 
ferred are sizes between 1 0 nm and 60 nm. The preferably have a narrow size 
distribution (! 40 %). 

[0032] The nanocrystalline, nanoporous aluminum oxides or aluminum ox- 
35 ide/hydroxides have high pore volumes of > 0.2 ml/g, as determined by the BET 
isotherm method described by S. Brunauer, P. H. Emmet and I. Teller in "Adsorption 
of Gases in Multimolecular Layers", Journal of the American Chemical Society 60, 
309(1938). 
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[0033] The amplifying layers contain the nanocrystalline, nanoporous aluminum 
oxides and/or aluminum oxide/hydroxides in a quantity between 0.2 g/m 2 and 
20 g/m 2 j n particular between 1 g/m 2 and 10 g/m 2 . These quantities correspond 
to a layer thickness between 0.1 urn and 20 pm, respectively between 1 pm and 
5 10 pm in the dry state. 

[0034] The quantity of the film forming bonder in the case where it is used should 
be as low as possible, but still sufficiently high in order to obtain stable, non-brittle 
layers with good adhesion to the support. Quantities of the film forming binder up 
to 20 percent by weight may be used relative to the total amount of the nanocrys- 
10 talline, nanoporous aluminum oxides and/or aluminum oxide/hydroxides in the 
amplifying layer. 

[0035] Particularly preferred are quantities up to 5 percent by weight relative to the 
total amount of the nanocrystalline, nanoporous aluminum oxides and/or aluminum 
oxide/hydroxides in the amplifying layer. 

15 [0036] Suitable binders, in the case where they are used, are in general water- 
soluble, insulating polymers. 

[0037] Particularly preferred are water-soluble, film forming, insulating polymers. 
[0038] The water-soluble, nonconductive polymers include for example natural 
polymers or modified products thereof such as albumin, gelatin, casein, starch, 
20 gum arabicum, sodium or potassium alginate, hydroxyethyl cellulose, carboxy- 
methyl cellulose, a-, p- or y-cyclodextrine and the like. In the case where one of 
the water-soluble polymers is gelatin, all known types of gelatin may be used as 
for example acid pigskin or limed bone gelatin and acid or base hydrolyzed gela- 
tins. 

25 [0039] A preferred natural, nonconductive, film forming binder is gelatin in particu- 
lar acid pigskin gelatin with high isoelectric point. 

[0040] Synthetic, insulating binders may also be used. Included are for example 
polyvinyl alcohol, polyvinyl pyrrolidone, completely or partially saponified products 
of copolymers of vinyl acetate and other monomers; homopolymers or copolymers 

30 of unsaturated carboxylic acids such as (meth)acrylic acid, maleic acid, crotonic 
acid and the like; homopolymers or copolymers of sulfonated vinyl monomers such 
as vinylsulfonic acid, styrene sulfonic acid and the like, furthermore homopolymers 
or copolymers of vinyl monomers of (meth)acrylamide; homopolymers or copoly- 
mers of other monomers with ethylene oxide; polyurethanes and; polyacrylamides. 

35 Water-soluble nylon type polymers; polyesters; polyvinyl lactams; acrylamide 
polymers; substituted polyvinyl alcohol; polyvinyl acetals; polymers of alkyl and 
sulfoalkyl acrylates and methacrylates; hydrolyzed polyvinyl acetates; polyamides; 
polyvinyl pyridines; polyacrylic acid; copolymers with maleic anhydride; polyal- 
kylene oxides; polyethylene glycols; methacrylamide copolymers and maleic acid 
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copolymers or fluoro polymers such as polyvinylidene fluoride may also be used. 
All these polymers may also be used as mixtures. 

[0041] Preferred synthetic, insulating, film forming binders are polyvinyl alcohol, 
polyvinylidene fluoride, polyethylene oxides, polyethylene glycols, block copoly- 
5 mers and polyacryl nitriles or mixtures thereof. 

[0042] Polythiophene, polyanilines, polyacetylenes, poly(3,4-ethylene)dioxythio- 
phene and polyphenylenvinylene may be used as conductive, film forming poly- 
mers. Block copolymers of conductive and insulating polymers may also be used. 
[0043] Although water insoluble, conductive or insulating film forming polymers are 
10 not specifically claimed in this invention, water insoluble, conductive or insulating 
film forming polymers or block copolymers are nevertheless considered part of the 
system. 

[0044] The polymers mentioned above having groups with the possibility to react 
with a cross-linking agent may be cross-linked or hardened to form essentially wa- 
15 ter insoluble layers. Such cross-linking bonds may be either covalent or ionic. 
Cross-linking or hardening of the layers allows for the modification of the physical 
properties of the layers, like for instance their liquid absorption capacity or their 
resistance against layer damage and brittleness. 

[0045] The cross-linking agents or hardeners are selected depending on the type 
20 of the water-soluble polymers to be cross-linked. 

[0046] Organic cross-linking agents and hardeners include for example aldehydes 
(such as formaldehyde, glyoxal or glutaraldehyde), N-methylol compounds (such 
as dimethylol urea or methylol dimethyl hydantoin), dioxanes (such as 2,3-dihy- 
droxydioxane), reactive vinyl compounds (such as 1 ,3,5-trisacrylolyl hexahydro-s- 

25 triazine or bis-(vinylsulfonyl)methyl ether), reactive halogen compounds (such as 
2,4-dichloro-6-hydroxy-s-triazine); epoxides; aziridines; carbamoyl pyridinium com- 
pounds or mixtures of two or more of the above mentioned cross-linking agents. 
[0047] Inorganic cross-linking agents or hardeners include for example chromium 
alum, aluminum alum, boric acid, zirconium compounds or titanocenes. 

30 [0048] The layers may also contain reactive substances that cross-link the layers 
under the influence of ultraviolet light, electron beams, X-rays or heat. 
[0049] Such materials consisting of a support having coated a protective layer for 
increased mechanical robustness or an electrically active layer above the amplify- 
ing layer consisting of nanocrystalline, nanoporous aluminum oxides and/or alumi- 

35 num oxide/hydroxides, are preferably hardened with a cross-linking agent, which is 
adapted to the polymer of the protective layer in order to obtain an excellent me- 
chanical robustness. The material may have one or more additional layers of other 
functionality between the amplifying layer and the luminescence layer, for example 
a layer of indium tin oxide for increased conductivity and lower surface roughness 
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or a this protection layer for increased mechanical robustness. In the case where 
polyvinyl alcohol is used as binder, boric acid or borates are preferably used as 
cross-linking agents. 

[0050] These polymers may be blended with water insoluble natural or synthetic 
5 high molecular weight compounds, particularly with acrylate latices or with styrene 
acrylate latices. 

[0051] Glass is a suitable support for the materials according to the invention, as 
well as a wide variety of flexible supports used for example in the manufacture of 

10 photographic materials. For the manufacture of the materials described herein, all 
those supports used in the manufacture of photographic materials may be used, 
such as clear films made from cellulose esters such as cellulose triacetate, cellu- 
lose acetate, cellulose propionate or cellulose acetate/butyrate, polyesters such as 
polyethylene terephthalate or polyethylene naphthalate, polyamides, polycarbon- 

15 ates, polyimides, polyolefins, polyvinyl acetals, polyethers, polyvinyl chloride and 
polyvinylsulfones. Polyester film supports, and especially polyethylene tere- 
phthalate, such as Mylar®, manufactured by DuPont, or polyethylene naphthalate 
are preferred because of their excellent dimensional stability characteristics. 
[0052] The usual opaque supports used in the manufacture of photographic mate- 

20 rials may be used including for example baryta paper, polyolefin coated papers or 
voided polyester as for instance Mylar® manufactured by DuPont. Especially pre- 
ferred are polyolefin coated papers or voided polyester. All these supports may 
also be coated with a conductive metal layer. Plastic supports or glass coated with 
highly conductive layers may also be used as supports for the material according 

25 to the invention. Preferred are plastic supports, coated with metals or indium tin 
oxide, or glass coated with indium tin oxide. 

[0053] When such supports, in particular polyester, are used, a subbing layer is 
advantageously coated first to improve the adhesion of the layers to the support. 
Useful subbing layers for this purpose are well known in the photographic industry 
30 and include for example terpolymers of vinylidene chloride, acrylonitrile and acrylic 
acid or of vinylidene chloride, methyl acrylate and itaconic acid. In place of the use 
of a subbing layer, the surface of the support may be subjected to a corona- 
discharge treatment before the coating process in order to improve the adhesion 
of the layers to the support. 

35 

[0054] The optical amplifying layers according to the invention are in general 
coated from aqueous solutions or dispersions containing all necessary ingredients. 
In many cases, wetting agents are added to those coating solutions in order to 
improve the coating behavior and the evenness of the layers. Although not specifi- 
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cally claimed in this invention, wetting agents nevertheless form an important part 
of the invention. 

[0055] Plasticizers such as for example glycerol may be added to the optical am- 
plifying layer in order to reduce brittleness. 

5 

[0056] The coating solutions may be coated onto the support by any number of 
suitable procedures. Usual coating methods for flexible supports include for exam- 
ple dip coating, extrusion coating, air knife coating, doctor blade coating, cascade 
coating and curtain coating. Dip coating or spin coating may be used for coating 
10 glass supports. 

[0057] The coating solutions may also be applied onto glass or flexible supports 
using spray techniques or by intaglio printing or offset printing. 
[0058] The amplifying layers may be coated in combination with the other layers 
mentioned before in different coating passes. It is preferred, however, that they are 
15 coated simultaneously in one coating pass. 

[0059] The coating speed is related to the used coating procedure and may vary 
within wide limits. Curtain coating with speeds between 30 m/min and 500 m/min 
is a preferred coating procedure for flexible supports. 

20 [0060] A support coated with such an amplifying layer consisting of nanocrystal- 
line, nanoporous aluminum oxides and/or aluminum oxide/hydroxides and, option- 
ally, a binder, is a suitable substrate for another manufacturing step, wherein a 
luminescence layer is deposited onto the coated support, preferably by high vac- 
uum thermal evaporation. 

25 [0061] The luminescence layer preferably consists of tris(8-hydroxyquinoline) alu- 
minum (Alq3), in a preferred embodiment of the invention of the crystal modifica- 
tion of Alq3 showing green luminescence. 

[0062] By exposure to daylight (about 1000 cd/m2) at room temperature in the 
presence of air, the crystal modification of Alq3 showing green luminescence may 

30 be converted in a simple way into the crystal modification of Alq 3 showing blue 
luminescence. This conversion is only possible in the case where the lumines- 
cence layer is in direct contact with the amplifying layer consisting of nanocrystal- 
line, nanoporous aluminum oxides and/or aluminum oxide/hydroxides. 
[0063] This method allows the preparation of optical amplifying materials showing 

35 green luminescence as well as blue luminescence from the same precursor com- 
pound. It is also possible to prepare, by a suitable image-wise exposure to light, an 
optical amplifying material showing green luminescence and blue luminescence 
side by side. 
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[0064] The present invention will be illustrated in more detail by the following ex- 
amples without limiting the scope of the invention in any way. 

Examples 

5 

Example 1 

Amplifying laver 

[0065] 20 g of aluminum oxide/hydroxide of formula AIOOH, prepared in the ab- 
sence of acid according to the method of example 1 of patent DE 3'823'895, were 

1 0 dispersed under vigorous mechanical stirring at a temperature of 40° C in 76.5 g of 
aqueous lactic acid (1.3 %). Afterwards, 0.16 g of an aqueous solution (50 %) of 
glycerol and 3.33 g of an aqueous solution (3%) of the wetting agent Triton® X- 
100, available from Union Carbide Corporation, Danbury, USA, were added. Total 
weight was adjusted to 100 g with deionised water and the dispersion was ex- 

1 5 posed at a temperature of 40° C to ultrasound for 3 minutes. 12 g/m 2 of this coat- 
ing solution were coated onto a hydrophilic glass plate. The coated glass plate 
was then dried for 60 minutes at a temperature of 30° C. 
Luminescence laver 

[0066] A 100 nm thick layer of Alq 3 , available from H. W. Sands Corporation Jupi- 
20 ter, USA, was then evaporated in high vacuum at a pressure below 10" 6 mbar 
onto this optical amplifying layer. The temperature in the evaporating vessel was 
increased continuously by resistance heating, until the deposition rate was about 
0.1 nm per second. After cooling of the whole evaporation device to room tem- 
perature and increase of the internal pressure to atmospheric pressure, the sam- 
25 pies were transferred to light-tight glove boxes filled with ambient air and kept 
there until the start of testing. 

Comparative Example C - 1 

[0067] In comparative example C - 1 the luminescence layer of Alq3 of example 1 
30 was evaporated directly onto the glass plate. 

Example 2 

Amplifying laver 

[0068] The coating solution of the amplifying layer of example 1 was coated onto a 
35 transparent polyethylene terephthalate support. The coated polyethylene tere- 
phthalate support was then dried for 60 minutes at a temperature of 30° C. 
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Luminescence layer 

[0069] The luminescence layer was evaporated as described in example 1 , but 
with a layer thickness of 300 nm. 

Comparative Example C - 2 

[0070] In comparative example C - 2, the luminescence layer of Alq 3 of example 2 
was evaporated directly onto the transparent polyethylene terephthalate support. 

Example 3 

Amplifying laver 

[0071] 36.7 g of an aqueous dispersion (30 %) of aluminum oxide Y-AI2O3 (Aero- 
disp W630, available from Degussa AG, Frankfurt am Main, Germany) were mixed 
under vigorous mechanical stirring at a temperature of 40° C with 51 .51 g of deion- 
ised water. Afterwards, 7.33 g of a solution of polyvinyl alcohol with a hydrolysis 
degree of 99.9 % (6 %, molecular weight 124'000 - 186'000, available from Al- 
drich, Buchs, Switzerland), 0.16 g of an aqueous solution (50 %) of glycerol and 
3.33 g of an aqueous solution (3 %) of the wetting agent Triton® X-100 were 
added. Total weight was adjusted to 100 g with deionised water and the dispersion 
was exposed at a temperature of 40° C to ultrasound for 3 minutes. The resulting 
coating solution containing 22 g of Aerodisp W630 was very stable. 10 g of an 
aqueous solution (10 %) of boric acid were added and 12 g/m 2 of this coating so- 
lution were coated onto a hydrophilic glass plate. The coated glass plate was then 
dried for 60 minutes at a temperature of 30° C. 
Luminescence laver 

[0072] This layer is the same as in example 1 . 

Example 4 

Luminescence laver 

[0073] The coating solution of the amplifying layer of example 3 was coated onto a 
transparent polyethylene terephthalate support. The coated polyethylene tere- 
phthalate support was then dried for 60 minutes at a temperature of 30° C. 
Luminescence laver 

[0074] This layer is the same as in example 2. 
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Test 

[0075] The optical amplification factor A was determined by measuring the fluo- 
rescence intensity with a fluorescence spectrograph FluoroMax3, available from 
Jobin Yvon Ltd., Stanford, Great Britain, at the emission maximum at 510 nm of 
5 Alq 3 . The optical amplifying materials of the examples and of the comparative ex- 
amples were placed onto a glass slide and illuminated with monochromatic light of 
wavelength 350 nm at an angle of 20°. The intensity of the fluorescence light was 
measured at an angle of 90° with respect to the direction of the incident excitation 
light. The selected angle of 20° for the incident excitation light eliminates scattered 
10 light and the incident light completely before it enters the aperture of the spectro- 
graph. A material without amplifying layer was used as reference. 

[0076] Other samples were measured were illuminated at room temperature in the 
presence of air with daylight with an intensity of about 1000 cd/m 2 . 

15 

Results 

[0077] The amplification factors for the non-illuminated samples, determined as 
described above, are listed in Table 1 . 

20 



Example No 


Thickness of the 
aluminum contain- 
ing layer (nm) 


Refraction index of 
the aluminum con- 
taining layer 


Amplification factor 
A 


1 


2500 


1.2 


1.6 


C- 1 






1.0 


2 


2400 


1.3 


2.2 


C-2 






1.0 


3 


3500 | 


1.2 


2.1 


4 


3300 


1.3 


1.8 



Table 1 



[0078] A comparison of the amplification factors of Table 1 immediately shows that 
25 the presence of the amplifying layers in the materials according to our invention, 
containing nanocrystalline, nanoporous aluminum oxides and/or aluminum ox- 
ide/hydroxides, considerably increases the amount of fluorescence light. The am- 
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plification factors are similar to those of optical amplifying materials that are state 
of the art and contain Si02- 

[0079] The samples of the optical amplifying materials according to the invention 
that were illuminated at room temperature in the presence of air with daylight 
5 showed blue luminescence of similar intensity as the green fluorescence of non- 
illuminated samples. 
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CLAIMS 

1. Optical amplifying materials consisting of a support, having coated thereon 
an amplifying layer and a luminescence layer above this layer, wherein the 
amplifying layer contains nanocrystalline, nanoporous aluminum oxide and/or 
aluminum oxide/hydroxide. 

2. Optical amplifying materials according to claim 1, wherein said amplifying 
layer contains the nanocrystalline, nanoporous aluminum oxide and/or alumi- 
num oxide/hydroxide in a quantity from 0.1 g/m 2 to 20 g/m 2 . 

3. Optical amplifying materials according to claim 1, wherein said amplifying 
layer contains the nanocrystalline, nanoporous aluminum oxide and/or alumi- 
num oxide/hydroxide in a quantity from 1 g/m 2 to 10 g/m 2 . 

4. Optical amplifying materials according to claim 1 , wherein said nanocrystal- 
line, nanoporous aluminum oxide and/or aluminum oxide/hydroxide in the 
amplifying layer comprises one or more of the elements of the periodic sys- 
tem of the elements with atomic numbers 57 to 71 in an amount of from 0.2 
to 2.5 mole percent relative to AI2O3. 

5. Optical amplifying materials according to claim 1, wherein that said amplify- 
ing layer contains up to 10 % of a binder relative to the quantity of the 
nanocrystalline, nanoporous aluminum oxide and/or aluminum oxide/hydrox- 
ide. 

6. Optical amplifying materials according to claim 5, wherein the binder is film 
forming. 

7. Optical amplifying materials according to claim 6, characterized in that the 
binder is polyvinyl alcohol. 

8. Optical amplifying materials according to claim 1, wherein said amplifying 
layer contains up to 5 % of a binder relative to the quantity of the nanocrystal- 
line, nanoporous aluminum oxide and/or aluminum oxide/hydroxide. 
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9. Optical amplifying materials according to claim 8, wherein the binder is film 
forming. 

10. Optical amplifying materials according to claim 9, wherein the binder is poly- 
5 vinyl alcohol. 

11. Optical amplifying materials according to claim 1, wherein the luminescence 
layer consists of tris(8-hydroxyquinoline) aluminum. 

0 1 2. Optical amplifying materials according to claim 1 1 , wherein the luminescence 

layer consists of the crystal modification of tris(8-hydroxyquinoline) aluminum 
showing green luminescence. 

13. Optical amplifying materials according to claim 12, wherein the crystal modi- 
5 fication of tris(8-hydroxyquinoline) aluminum showing green luminescence in 

the luminescence layer is transformed to the crystal modification showing 
blue luminescence by illumination at room temperature in the presence of air 
with daylight. 

) 14. Optical amplifying materials according to claim 1, wherein the support is 
coated or uncoated paper, plastic film or glass. 

15. Support with an amplifying layer consisting of nanocrystalline, nanoporous 
aluminum oxide and/or aluminum oxide/hydroxide, optionally comprising one 

1 or more of the elements of the periodic system of the elements with atomic 
numbers 57 to 71 in an amount of from 0.2 to 2.5 mole percent relative to 
AI203, and, optionally, a binder, coated onto the support, as substrate 
whereon a luminescence layer may be deposited. 
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Abstract 



An optical amplifying material is described, consisting of a support and having 
coated thereon a thin, transparent amplifying layer containing nanocrystalline, 
nanoporous aluminum oxides and/or aluminum oxide/hydroxides and, optionally, a 
binder, and, superposed on this layer, a luminescence layer preferably consisting 
of tris(8-hydroxyquinoline) aluminum. 



